In the present paper the di erence schemes of high order accuracy for two-dimensional equations of mathematical physics in an arbitrary domain are constructed. The computational domain is covered by a uniform rectangular grid. The second order accuracy of local approximation by spatial variables is achieved near-boundary nodes. No increase of a standard grid scheme template is required. Apriori estimates of the stability are obtained.
INTRODUCTION
Various approaches are used in numerical solution of boundary problems in an arbitrary computation domain . The computation domain may b e c o vered by a uniform rectangular grid, and the di erence scheme is constructed on the essentially non-uniform template. Usually such s c hemes have the second order of accuracy in the maximum norm, but the local error of approximation near the boundary has the rst order, or even the di erence scheme does not approximate the di erential problem 1]. A high order of approximation near the boundary is important f o r a n umber of problems. For example, it is often necessary to compute the normal derivative of the solution at the whole boundary of computational area or at the part of it.
Second-order accuracy schemes on irregular rectangular grids were constructed in 2] { 4]. Such algorithms were constructed using approximations of the equation at a specially selected point. In 5 6 ] on the basis of these methods a high-order approximation scheme was constructed for the elliptic equation in an arbitrary computation area. In 7] a monotonicity of this scheme was proved by means of the principle of maximum for a wide class of areas. In the present paper the di erence schemes of the second-order accuracy approximation are considered for elliptic and parabolic equations in an arbitrary domain. In the case of rectangular domain such s c hemes degenerate to standard schemes 2] { 4 ]. The a priori estimates of the stability a n d convergence are obtained for the algorithms. The tests results demonstrate a high e ectiveness of the proposed methods.
CONSTRUCTION OF THE GRID IN AN ARBITRARY DO-MAIN
Let be an arbitrary two-dimensional domain, and ; is a boundary. Let us introduce in the uniform rectangular grid ! 0 with the steps H k for the dimension x k , k = 1 2. Assume that the computational domain is convex and the grid is connected. Let h be a set of boundary nodes which are generated by intersection points of the lines x k = const, k = 1 2 with the boundary @ . Let ! h = fx j x 2 \ ! 0 g be a set of interior nodes. We also de ne the subset of nearboundary nodes ! and the subset of interior nodes !. We denote by ! k a set of near-boundary nodes in the direction x k . Let + k be a set of right boundary nodes and ; k be a set of left boundary nodes in the direction x k . We denote by ! k the sets of left and right near-boundary nodes, respectively. Let us suppose that the di erence grid is su ciently detailed, i.e. for any x 2 ! and every k = 1 2 either x +1 k or x ;1 k is not a point o n .
We use the following notation of the theory of di erence schemes 1]: 
This operator approximates the Laplace operator with the second order in the case of a rectangular area which i s c o vered by a rectangular non-uniform 2. DIFFERENCE SCHEME FOR THE ELLIPTIC EQUATION
In this section we consider the Dirichlet problem for the two-dimensional Poisson equation in an arbitrary domain :
We d e v elop the nite-di erence scheme, which approximates the di erential problem (2.1), (2.2) of the second order with local approximation at the nearboundary nodes. Using (1.1) we get the di erence scheme A y = ;f(x 1 x 2 ) x 2 ! (2.3)
In the case of rectangular non-uniform grid this scheme coincides with the nite-di erence scheme of the second-order accuracy 2] -4] in the case of the regular rectangular grid it degenerates to the well-known scheme, which is de ned on the ve-point template.
In order to apply the maximum principle to the scheme (2.3), we must reduce it to the canonical form 1]:
It is necessary to satisfy the following conditions for the coe cients: show that conditions (2.5) are ful lled without limitations on the grid steps for some types of polygons. E. g., these conditions are always ful lled for polygons that satisfy to condition where N is the number of its sides, n is the slope angle of the n-th side with respect to the grid lines.
The maximum principle requires ful llment of strong conditions shape of the on the domain The method of energy inequalities allows us to obtain estimates without limitations on the domain shape.
Let us write the di erence scheme (2. Further, we shall assume that a solution of the problem (3.1), (3.2) exists, it is unique and has all necessary bounded derivatives.
Let us introduce a spatial-time grid in Q T : ! =^ ! h ! ! = ft n = n n = 0 1 ::: N 0 N 0 = Tg = ! f Tg:
Using the operator A we construct the di erence scheme of high-order approximation for the di erential problem (3.1), (3.2) . Thus the di erence scheme may be written as
where y ( ) = y + holds for the di erence scheme (3.6), where " 1 , " 2 = const > 0, c 2 2(" 1 +" 2 :)
In order to obtain a priori estimate of the stability for the di erence scheme (3.3), we formulate the following statement. 
NUMERICAL EXPERIMENTS
The properties of the proposed scheme were examined by solving a number of tests. The comparison was made with the well-known nite-di erence schemes: The data on the relative global error of the discrete solution and normal derivatives at the near-boundary points are presented in the table. The calculation time on the largest grid was about 15 minutes using a standard PC.
The new scheme allows us to obtain essentially better accuracy on the coarse grids. The solution has a high accuracy near the boundary. A local error has the maximum value inside the computation domain, but not at near-boundary points. 
